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Abstract
Balasubramanian, Czech, Chowdhury and de Boer [1] studied a ”spher-
ical Rindler space” and found that accelerating observers are causally
disconnected from a spherical region located at the origin of Minkowski
space. We show that there is no any horizon of size R0 (which is related
to the chosen initial conditions) and the event horizon at r = 0 is obtained
only from the two-dimensional (r, t) static restriction. Their near-horizon
geometry cancels the time dependence of the original metric and therefore
the approximation used is doubtful.
In their paper [1] Balasubramanian et al. (BCCdB) proposed a model for
the gavitational entropy of a time-dependent spherically symmetric generaliza-
tion of ordinary Rindler space. Their entropy is a quarter of the area of the
spherical acceleration horizon, as for a black hole. According to the authors of
[1], the accelerating observers are causally disconnected from a spherical region
(a ”hole”) of radius R0, located at the origin of Minkowski space. The horizon
is spherically symmetric and its size equals R0.
Let us notice that BCCdB do not specify any definite acceleration in their
equations. Perhaps they have taken it to be unity but that had to be mentioned
in some way. For example, the r.h.s. of the 2nd Eq. (2.5) is dimensionless but
its l.h.s. is a distance. BCCdB have introduced in their Eq. (5.2) two constants
a and b (with a2 = b2) but they related their meaning to a rescaling of the τ
coordinate. In our view, the best way to assure the same units is to put gt
instead of t, with g an acceleration. In that case, on their Fig.1 one should
consider
R−R0 = rcosh gt, T = rsinh gt (0.1)
The above choice is, actually, well-known (see, for instance, [2, 3, 4, 5]). There-
fore, the metric (2.6) should be written as
ds2 = −g2r2dt2 + dr2 + (R0 + rcosh gt)
2dΩ2, (0.2)
1
(we restricted ourselves to four dimensions).
The authors of [1] stated above Eq. (2.4) that ”...a family of observers
accelerating away from a common center, who are causally disconnected from
a spherical region of radius R0”. However, R0 is a value of R measured by a
Minkowski observer 1. From (0.1) one finds that R = R0 corresponds to r = 0,
which is the only horizon of the accelerated observer. We also notice that the
origin of the Minkowski space (R = 0) does not coincide with the origin of the
Rindler space (r = 0). Since R ≥ R0 always, the topology of the Minkowski
space is no longer trivial. But this change emerges because of a mathematical
artifact (a hole is assumed to exist) and is not a consequence of some physical
process, as is the case of the Rindler observer, to whom the topological change
[6] arises due to a physical phenomenon: the horizon generation by acceleration.
The fact that the appearance of R0 in Eq. (2.6) is a coordinate effect could
be justified by means of the following comparison. If the authors of Ref. 1
started with Minkowski metric written in Cartesian coordinates (as Fursaev et
al. did in [7]) and not in spherical coordinates (2.4), the constant R0 would
not emerge in Eq. (2.6). Indeed, if we make the Fursaev et al. coordinate
transformation (2.11) on their Minkowski metric (2.1), one obtains 2 (in their
notations)
ds2 = −r2dτ2 + dr2 + r2cosh2τdΩ2. (0.3)
But the role played by their constant a is equivalent to R0 from [1] and so we
see how R0 is rooted from a coordinate effect.
For the accelerating observer the horizon is located at r = 0 (if we confine to
radial motion), namely R = R0±T (the light cones) for the Minkowski observer.
In our opinion, R0 plays no role for the Rindler observer; it represents only an
initial condition for the inertial observer who may not see any horizon. More-
over, how did BCCdB find that their geometry (2.6) possess an event horizon of
size R0? The geometry is time-dependent and, therefore, there is no a timelike
Killing vector to vanish at the horizon, as BCCdB also noticed at the end of
Sec. 2. Fursaev et al. gave a prescription to generalise the gravitational entropy
for surfaces which are not Killing horizons and the metric is time dependent.
Nevertheless, their model does not require any boundaries (as they noticed at
the bottom of p.21) and so the entropy emerges as the local property of the sur-
face. In other words, the entropy looses its holographic character. Therefore,
we think one is more appropriate here to study the apparent horizon, that is
obtained from [8, 9]
gab∇aρ ∇bρ = 0, (0.4)
1Therefore, the authors’ statement ”For spherical Rindler space the horizon is a sphere
R = R0 in Minkowski space” (p. 10) seems to contain a misinterpretation: one cannot express
a horizon in Rindler space using coordinates from another reference system. For example, we
may not say that, for the time dependent Kruskal spacetime, the horizon is the sphere r = 2m
in Schwarzschild space. A similar argument works for the time dependent and static de Sitter
spacetimes.
2We observe that the constant a will not appear in (2.12) because it cancels by differenti-
ating x, y, z from (2.11), as could be verified by direct calculation.
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with ρ(r, t) = R0+rcosh gt and gab are the metric coefficients of their Eq. (2.6).
One obtains gab∇aρ ∇bρ = 1 and there is no any apparent horizon.
For a static Rindler space, it is a known fact that the horizon entropy is
actually infinite [4] because the horizon area is divergent. However, a finite
entropy per unit area may be defined. It is worth noting that a finite Rindler
horizon entropy could be obtained in terms of the proper acceleration g of the
Rindler observer [10, 11], giving S = pi/4g2.
At the p.8, BCCdB remarked that the only free parameter at their disposal
is R0, which seems not to be related to a temperature. As we noticed before,
there are in fact two parameters entering the equations: R0 and the acceleration
g. In our view, it is g, not R0, directly related to the horizon temperature,
through the Unruh effect. This is also a well-known result, even though the
spherical Rindler space is nonstationary. On the other hand, we suppose the near
horizon approximation is misused when one passes from their Eq. (2.6) to Eq.
(4.1). The authors of [1] neglected rcosht w.r.t. R0, for r → 0. Nevertheless,
rcosht is exponentially increasing when time advances and the approximation
is debatable.
The authors’ comparison with the time-dependent de Sitter space is very
appropriate: the metric (2.6) and the time-dependent de Sitter metric do not
carry any entropy. That takes place, in our view, because of the lack of any
horizon for both of them. Let us also observe that the near horizon geometry
(4.1) is no longer flat [12] due to the approximation used: there is a nonzero
scalar curvature Raa = 2/R
2
0. Moreover, how could the near horizon metric (4.1)
become static for any time if the original geometry (2.6) is non-stationary?
We remark in passage that the metric (2.6) (with R0 = 0) could be directly
obtained from the Minkowski metric in Cartesian coordinates [13, 7]
X = rcoshgtsinθcosφ, Y = rcoshgtsinθsinφ, Z = rcoshgtcosθ, T = rsinhgt
(0.5)
Since the nonstatic BBCdB metric (2.6) (we refer to its 4-dimensional restric-
tion) may not have event or apparent horizons, we could slightly modify it to
come out an apparent horizon. The idea is to choose a conformal version of it,
namely the geometry [12, 14, 15]
ds2 =
(
1 +
b2
r2
)2 (
−g2r2dt2 + dr2 + r2cosh2gtdΩ2
)
(0.6)
where b is a positive constant of the order of the Planck length. Because in our
view R0 does not play an important role in the spherical Rindler space, we have
taken above R0 = 0.
The areal radius of the previous geometry is given by
ρ(r, t) =
(
1 +
b2
r2
)
rcosh gt (0.7)
Therefore, our Eq. (0.4) leads to
−
(
1 +
b2
r2
)2
sinh2gt+
(
1−
b2
r2
)2
cosh2gt = 0 (0.8)
3
The apparent horizons appear as
r+(t) = b e
gt, r−(t) = b e
−gt, (0.9)
In the 1st paper from [15] we reached the results (0.9) starting from the con-
dition that the scalar expansions are vanishing [16]: Θ± = 0 on the apparent
horizons. It is interesting noting that the two horizons represent null geodesics
(expanding/contracting wormhole throat [15]). The two null curves (0.9) cor-
respond to those viewed by a spherical distribution of uniformly accelerating
observers in Minkowski space, with acceleration g.
It is worth noting that Feldman [17] recently conjectured that inertial motion
is characterized by geodesics about ”inertial center points” in the radial Rindler
chart. The geometry (0.2) (with R0 = 0) plays a central role in his ingenious
model.
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